Introduction: Based on beneficial effects of aspirin and mesenchymal stem cells (MSCs) on myelin repair, in a preset study, effects of co-administration of aspirin and conditioned medium from adipose tissue-derived stem cells (ADSC-CM) on functional recovery of optic pathway, demyelination levels, and astrocytes' activation were evaluated in a lysolecithin (LPC)-induced demyelination model of optic chiasm. Methods: LPC (1%, 2 µL) was injected into the rat optic chiasm and animals underwent daily intraperitoneal (i.p.) injections of ADSCs-CM and oral gavage of aspirin at a dose of 25 mg/kg for 14 days post LPC injection. The conductivity of visual signals was assessed using visual evoked potential recordings (VEPs) before LPC injection and on days 7 and 14 post lesion. Immunostaining against PDGFRα as oligodendrocyte precursor cells marker, MOG as mature myelin marker, and GFAP as astrocyte marker was performed on brain sections at day 14 post LPC injection. FluoroMyelin staining was also used to measure the extent of demyelination areas. Results: Our results showed that administration of ADSCs-CM and aspirin significantly reduced the latency of VEP waves in LPC receiving animals. In addition, demyelination levels and GFAP expressing cells were attenuated while the number of oligodendrocyte precursor cells significantly increased in rats treated with ADSCs-CM and aspirin. Conclusion: Overall, our results suggest that co-administration of ADSCs-CM and aspirin improves the functional recovery of optic pathway through amelioration of astrocyte activation and attenuation of demyelination level.
Introduction
Multiple sclerosis (MS) is regarded as the most common cause of neurological disability of young adults worldwide. 1, 2 However, the etiology of MS has not been fully understood, but it is postulated that MS is a chronic autoimmune inflammatory disease of the central nervous system (CNS). 3 During MS disease, over-activation of inflammatory T cells leads to autoimmune attacks and subsequent myelin damage and axonal loss. 3 Available therapies for MS mainly target the immune system and there are no effective medications for enhancement of myelin repair. 2, 4 Oligodendrocytes precursor cells (OPCs) are considered as the main cellular source for generation of new myelin-forming cells in the CNS. Following demyelination, the resident OPCs are activated and their levels of proliferation, recruitment, migration, and differentiation to the mature oligodendrocytes will increase in damaged areas. 5 Although, due to the limited number of endogenous OPCs, the capacity of endogenous mechanism for remyelination is low and poor. 5, 6 Therefore, any drug which can increase the number of OPCs and promote remyelination, is considered as a useful approach for the treatment of MS. 7 Stem cell therapy has emerged as an ideal strategy for the treatment of various types of CNS-related disorders such as MS. 8, 9 Different types of stem cells including autologous hematopoietic, neuronal, induced pluripotent, and human embryonic stem cells have been introduced as potential therapeutic approaches in MS. 10 Additionally, mesenchymal stem cells (MSCs) have emerged as the most promising stem cell type for treating MS patients. 11 Because of their abundance and accessibility, adipose tissue-derived stem cells (ADSCs) have been introduced as an alternative source to bone marrow MSCs. [12] [13] [14] It has been shown that MSCs have remarkable immunomodulatory properties and neuroprotective effects. [15] [16] [17] In addition, it has been demonstrated that MSCs reduce the extent of demyelination areas and increase neural stem cells' (NSCs) differentiation toward myelin-forming cells. 18, 19 In spite of the beneficial effects of MSCs in MS disease, there are several limitations such as HLA related incapability, tumorigenicity, and ethical concerns that have hampered the application of MSCs. 2 Several lines of evidence showed that the beneficial effects of MSCs are more likely due to paracrine factors that are secreted by MSCs, not effective integration and differentiation of the cells in the damaged area. 20, 21 Interestingly, it has been demonstrated that adipose tissue-derived stem cells conditioned media (ADSC-CM) contains various growth factors that play important roles in tissue repair. 22 Several pieces of evidence suggested that MSCs' secreted factors exert immunomodulatory and neuroprotective activities. 5, 23, 24 It has also been illustrated that ADSCs-CM could reduce the severity of experimental autoimmune encephalomyelitis (EAE) in a model of MS. 2 Furthermore, MSC-CM significantly promotes the differentiation of OPCs and enhances endogenous remyelination. 5 In addition to stem cell therapy, several novel medications have also been developed to improve the potency of transplanted cells for enhancement of endogenous remyelination. A previous report by Yazdi et al, indicated that fingolimod, as an anti-inflammatory drug, increases the survival and differentiation of transplanted neural progenitors to oligodendrocyte lineage cells in a local demyelination of corpus callosum model. 25 Aspirin, also known as acetylsalicylic acid (ASA), is one of the most widely used anti-inflammatory and antipyretic-analgesic drugs. 3 Interestingly, aspirin has been proposed as an effective drug for treatment of MS-related fatigue. 26, 27 Furthermore, it has been shown that aspirin ameliorates the disease process in MS by reducing the levels of inflammation and inhibition of mitochondrial complex I activity. 28 Additionally, it has been shown that low dose of aspirin increases OPCs' proliferation, while its administration at high dose promotes OPCs' differentiation in a white matter lesion model. 7 Moreover, Huang et al demonstrated that aspirin enhances OPCs' differentiation via inhibition of Wnt/β-catenin signaling pathway. 29 In a most recent study, Mondal et al illustrated that aspirin reduces the clinical symptoms of EAE by reducing inflammatory response and demyelination extension. 3 It has also been shown that aspirin up-regulates the expression of ciliary neurotrophic factor (CNTF) in cultured astrocytes. 30 CNTF is regarded as a pro-myelinating trophic factor that plays an important role in survival of oligodendrocytes as well as maturation of OPCs toward myelin-forming cells. 31 Lysolecithin (LPC)-induced demyelination model has been introduced as the most common focal demyelination model for evaluation of demyelination and remyelination processes in the CNS. 32 Focal injection of LPC into the white matter such as optic chiasm is regarded as a useful approach not only for studying the normal events involved in the remyelination process, but also as a preclinical tool for screening of novel remyelination-promoting drugs. 33 Visual evoked potential (VEP) recording is widely used in clinical settings to assess the severity of optic neuritis in acute phase of MS disease, and also to monitor the disease course in the follow-up period. 34 Interestingly, it has been shown that changes in the VEP parameters closely correlate with pathological damage in the optic nerve. 35 In addition, local injection of LPC into the optic chiasm of animals and consequent assessment of visual signals' delay using VEP recording has emerged as reliable tool for evaluation of demyelination and remyelination. 34, 36 Based on this evidence, in the present study, the effect of aspirin and ADSCs-CM on functional recovery of optic pathway was evaluated in an LPC-induced demyelination model. Furthermore, the extent of demyelination areas and astrocytes' activation of the optic chiasm were assessed using immunostaining on day 14 post insult.
Materials and methods

Culture of ADSCs
ADSCs were a gift from Dr. Davoodian's lab (Hormozgan University of Medical Sciences, Bandar Abbas, Iran). To isolate ADSCs, human adipose tissue was obtained from discarded lipoaspirate during liposuction surgery, with patient consent, and approval from Hormozgan University of Medical Sciences' Ethics Committee. 37 Cells were cultured in culture medium (DMEM, 10% FBS and 1% penicillin-streptomycin) and incubated at 37°C and 5% CO 2 .
Flow cytometry analysis
In order to assess the expression of cell surface antigens, flow cytometry analysis was used based on a previous report. 37 Briefly, cultured cells were detached using trypsin-EDTA and approximately 2×10 5 cells were labeled with FITC or PE-conjugated anti-CD90 (Dako Denmark A/S, Glostrup, Denmark), anti-CD105 (R&D Systems, Inc., Minneapolis, MN, USA), anti-CD45 (BD PharmingenTM, USA), anti-CD73 (BD PharmingenTM), anti-CD34 (BD PharmingenTM) or mouse IgG isotype negative control antibodies (BD PharmingenTM).
Adipogenic and osteogenic differentiation of ADSCs
The ability of cultured ADSCs for differentiation to adipocyte and osteocyte was evaluated based on a previous report by Azandaryani et al. 37 In brief, ADSCs were incubated with adipogenic or osteogenic differentiation culture medium for 14 days. Adipogenic and osteogenic differentiation were evaluated using Oil Red O (Sigma-Aldrich Co., St Louis, MO, USA) and Alizarin red S (Sigma-Aldrich Co.) staining, respectively.
Preparation of conditioned medium
Preparation of CM was performed based on a previous report by Yousefi et al. 2 In brief, ADSCs at passage 2 (70-80% confluency) were cultured in serum-free DMEM medium for 48 h. Culture medium was collected and centrifuged for 3 min at 440× g. Then, the upper phase was centrifuged for 3 min at 17,400× g. 38 The resulting supernatant was collected and filtered through a 0.22 μm membrane and stored at −80°C.
Animals
In this study, thirty adult male Wistar rats (weighting 200-250 g) were obtained from Babol University of Medical Science's animal house (Babol, Iran). Animals were kept in 12 h light/dark cycle and they had free access to food and water. All experimental protocols were approved by the local ethics committee of the Babol University of Medical Sciences, which was in accordance with NIH guide for the Care and Use of Laboratory Animals.
Experimental groups
Animals were randomly divided into five groups (n=6 in each group) as follows:
Group 1 as Saline + Saline: 2 µL saline as LPC vehicle was injected into the rat's optic chiasm and then animals were treated with saline (i.p.) for 14 days post insult.
Group 2 as LPC + Vehicle: LPC (1%, 2 µL) was injected into the optic chiasm and then rats received saline (oral) as vehicle of aspirin and culture medium (i.p.) for 14 days.
Group 3 as LPC + ADSCs-CM: LPC (1%, 2 µL) was injected into the rat's optic chiasm and ADSCs-CM was i.p. administrated for 14 days.
Group 4 as LPC + Aspirin: 2 µL of LPC (1%) was injected into the optic chiasm and then aspirin at dose of 25 mg/kg 7 was orally administrated for 14 days post lesion.
Group 5 as LPC + ADSCs-CM + aspirin: in this group, after injection of LPC into the optic chiasm, ADSCs-CM (i.p.) and aspirin (oral) were co-administrated for 14 days post lesion.
Induction of demyelination model
To induce demyelination model, LPC was injected into the optic chiasm based on our previous studies. 36, 39 In brief, animals were anesthetized with ketamine (100 mg/kg) and xylazine (10 mg/kg) and fixed in stereotaxic instrument (Stoelting, USA). LPC (1%, 2 µL) was injected into the optic chiasm using a Hamilton syringe (Coordinates: AP and ML: 0 from bregma and DV =−7.4 mm from dura surface). 36, 40 LPC was injected within 2 min and the needle was kept in for an additional 3 min to avoid possible backflow through the needle tract.
Visual evoked potential recording
To assess the latency of visual signals, VEP recordings were carried out as we previously described. 34 In brief, two monopolar electrodes as recording (AP: −7 mm, ML: −3 mm) from bregma and reference electrodes (AP: +2 mm, L: +1.5 mm) were implanted on the occipital and frontal lobe, respectively. Dark adaptation was performed for 10 min and general evoked response stimulator (D3111 Data Acquisition, ScieneBeam Co., Tehran, Iran) was used for light stimulation. To analyze the results of VEPs, the latency between the flashlight and the first negative wave (N1) was assessed using eprobe software (ScieneBeam Co., Tehran, Iran).
Immunostaining
Immunostaining procedure was done as we mentioned previously. 41, 42 In brief, brain samples were collected and fixed in 4% paraformaldehyde (PFA) for 12-16 h. Coronal sections (6 µm) were taken from the optic chiasm region with a cryostat apparatus (MICROM HM 525, Thermo Scientific, Germany). For immunostaining, tissue sections were washed with PBS and blocking solution including normal goat serum (NGS) 10% and triton X-100 (0.3%) was used for blocking of non-specific bindings of antibody to antigens. Then, primary antibodies including rabbit anti-GFAP (1:400, Z0334, Dako Denmark A/S), mouse anti-MOG (1:100, MAB5680, Millipore) or mouse anti-PDGFRα (1:50, sc-21789, Santa Cruz Biotechnology Inc., Dallas, TX, USA) were added on the glass slides overnight at 4°C. Tissue sections were washed with PBS and incubated with secondary antibodies including Goat Anti-Rabbit conjugated Alexa Fluor ® 594 (1:1000, Abcam Inc, ab150077) or Goat Anti-Mouse IgG H&L (Alexa Fluor ® 594) (1:1000, Abcam Inc, ab150116) for 1 h at room temperature. Then, sections were washed with PBS and cell nuclei were stained using 4', 6-diamidino-2phenylindole (DAPI). Tissue sections were evaluated under Olympus IX71 microscope and images from the optic chiasm were taken by DP-27 camera (Olympus Corporation, Tokyo, Japan). Quantification of immunostaining results was performed as we mentioned in our previous studies. 34, 36, 43 The number of GFAP or PDGRα positive cells were counted using Image J software (version 1.42 V, NIH, USA). To analyze the immunostaining results, 3 sections from each slide and 3 slides from each animal and 3 rats were used for each group. 40, 41 Histological staining
To determine the extent of demyelination areas, FluoroMyelin staining was used as we mentioned previously. 34 Demyelination levels were assessed as the percentage of total area of optic chiasm by Image J software (version 1.42 V, NIH, USA) based on our previous reports. 34, 36 Nine tissue sections from each animal and 3 animals from each group were used for histological evaluation.
Statistical analysis
Experimental results were analyzed using GraphPad Prism software (version 6.1). Electrophysiological results were analyzed by two-way ANOVA followed by Bonferroni post-test. Histological data were measured using one-way ANOVA followed by Tukey post-hoc test. The experimental results are expressed as mean ±SEM and P-values<0.05 were considered statistically significant.
Results
Characterization of ADSCs
For characterization of ADSCs, flow cytometry analysis was used to measure the expression levels of ADSCs' specific surface markers. Our data showed that MSCs' specific markers including CD105 (98.45%), CD90 (98.86%), and CD73 (99%) were highly expressed in cultured ADSCs. Interestingly, the cultured cells were negative for hematopoietic markers such as CD34 (1.05%) and CD45 (1.10%) ( Figure 1A ). In addition, we evaluated the potency of ADSCs for mesodermal differentiation. Results of Alizarin red staining demonstrated the osteogenic differentiation of ADSCs ( Figure 1B) . Oil Red O staining also confirmed the adipogenic fate of cultured MSCs compared to the undifferentiated ADSCs ( Figure 1B ).
Co-administration of ADSCs-CM and aspirin improved the functional recovery of optic pathway
In order to determine the effect of ADSCs-CM and aspirin on the conductivity of visual signals, VEP waves were recorded on days 0, 7, and 14 post lesions. Results of VEP recording illustrated that there was no significant difference in N1 latency between experimental groups before LPC injection. In comparison to the saline + saline group, injection of LPC significantly increased the latency of VEP waves in LPC + vehicle treated animals on days 7 and 14 (P<0.001). There was also a significant difference in conductivity of visual signals in LPC + aspirin compared to the saline + saline on day 7 post LPC injection (P<0.01). The N1 latency was significantly reduced in animals under treatment of ADSCs-CM or aspirin or ADSCs-CM + aspirin compared to the LPC + vehicle (P<0.001) on days 7 and 14 post lesion. Interestingly, co-administration of ADSCs-CM and aspirin could improve the functional recovery of the (Figure 2A and B) . These data demonstrated that co-administration of ADSCs-CM and aspirin improved the functional recovery of the optic pathway in demyelination context.
Co-administration of ADSCs-CM and aspirin attenuated the extent of demyelination areas in the optic chiasm
To evaluate the effect of ADSCs-CM and aspirin on the levels of demyelination, FluoroMyelin staining was used on day 14 post LPC injection. Our data demonstrated that ADSCs-CM or aspirin or ADSCs-CM + aspirin significantly alleviated the extent of demyelination areas compared to the LPC + vehicle (P<0.001). In addition, there was a significant difference in the level of demyelination between LPC + aspirin and LPC + ADSCs-CM + aspirin treated animals (P<0.05) ( Figure 3A and B) . Additionally, immunostaining against MOG as mature myelin marker also illustrated that demyelination levels were reduced in animals receiving ADSCs-CM, aspirin or ADSCs-CM + aspirin compared to the LPC + vehicle on day 14 post insult (P<0.001). In addition, co-administration of ADSCs-CM and aspirin led to stronger effect on reduction of demyelination levels compared to the LPC + ADSCs-CM (P<0.05) and LPC + aspirin (P<0.01) ( Figure 4A and B) . These findings indicated that coadministration of aspirin and ADSCs-CM attenuate the levels of demyelination in context of demyelination.
Co-administration of ADSCs-CM and aspirin enhanced the number of oligodendrocyte precursor cells in the optic chiasm
In order to determine the effect of ADSCs-CM and aspirin on the population of OPCs, immunostaining against PDGFRα as OPCs marker was performed on brain sections. In comparison with saline + saline, ADSCs-CM and aspirin increased the number of PDGFRα positive cells following LPC injection (P<0.001). The number of OPCs Figure 5A and B) .
Co-administration of ADSCs-CM and aspirin ameliorated astrocyte activation
To examine the effect of ADSCs-CM and aspirin on astrocytes' activation, immunostaining against GFAP as astrocyte marker was performed in experimental groups. The number of GFAP expressing cells significantly Figure 6A and B) . These data indicated that co-administration of ADSCs-CM and aspirin considerably alleviated the level of astrocytes' activation in LPC-induced demyelination model. 
Discussion
In recent years, development of new therapies for enhancement of endogenous remyelination has attracted considerable attention. 45, 46 Here, we demonstrated that co-administration of ADSCs-CM and aspirin improved the functional recovery of optic pathway following LPC administration. Furthermore, the levels of demyelination and astrocytes' activation were reduced in the optic chiasm. A significant increase in population of OPCs was also observed in animals under treatment of both ADSCs-CM and aspirin. Several pieces of evidence suggested that aspirin and ADSCs-CM, apart from their immunomodulatory and anti-inflammatory effects, play an important role in promotion of endogenous remyelination. In line with previous reports, 33, 34, 36, 39, 47 we also showed that local injection of LPC into the rat optic chiasm reduces the conductivity of visual signals and co-administration of ADSCs-CM and aspirin could significantly decrease the latency of VEP waves.
To explore the possible underlying mechanism/s of aspirin and ADSCs-CM in improvement of functional recovery of optic pathway, the extent of demyelination was evaluated in context of local demyelination. The results demonstrated the level of demyelination was especially reduced in animals which were treated with ADSCs-CM and aspirin. In agreement with our data, a previous report also showed that aspirin treatment, by increasing the levels of CNTF as pro-myelinating trophic factor, increases myelin-associated proteins in oligodendrocytes and improves the oligodendrocyte protection in TNF-α-induced insult. 30 In an interesting study by Chen et al, it has been demonstrated that treatment with aspirin improves cognitive performance and enhances remyelination process after white matter lesion. 7 To determine the underlying mechanism of aspirin in promotion of OPCs' differentiation, Huang et al's report showed that aspirin can directly target oligodendroglial lineage cells and enhances the OPCs' differentiation via inhibition of Wnt/β-catenin signaling pathway. 29 Jadasz et al illustrated that MSC-CM elevates the expression levels of myelin markers and promotes endogenous myelin repair. 5 It has also been shown that transplantation of bone marrowderived MSCs into the lateral ventricles increases myelin content through secretion of soluble factors into cerebral spinal fluid (CSF) and enhancement of endogenous oligodendrogenic potential of the subventricular zone (SVZ). 48 Additionally, it has been suggested that CM from bone marrow-derived MSCs significantly reduces the neuronal apoptosis and lesion area in spinal cord injury model in rats. 20 Conditioned media from the stem cells of human exfoliated deciduous teeth (SHED-CM) also reduces the severity of EAE symptoms and attenuates the levels of demyelination and axonal injury. 38 Hao et al's report also indicated that ADSCs-CM enhances neuroprotection by inhibiting neuronal apoptosis and increasing nerve regeneration in cultured neurons. 49 In parallel with previously mentioned evidence, findings of the present study also demonstrated that aspirin or ADSCs-CM significantly enhances the myelin protection in local demyelination context. However, a stronger myelin preserving effect was observed when aspirin and ADSCs-CM were simultaneously administrated. These data may be a result of the synergic effects of aspirin and ADSC-CM on enhancement of endogenous remyelination.
In the next part of the experiment, we explored the possible effect of aspirin and ADSCs-CM on population of OPCs. Our data indicated that co-administration of aspirin and ADSCs-CM remarkably increased the number of OPCs, while administration of aspirin or ADSCs-CM alone did not lead to a significant increase in population of OPCs. A previous report by Chen et al demonstrated that in vivo treatment with low dose of aspirin (25 mg/kg) significantly elevates the number of OPCs while administration of aspirin at relatively high doses (100-200 mg/kg) increases the number of mature oligodendrocytes. 7 Similarly, an in vitro study also indicated that low and high doses of aspirin promote the proliferation and differentiation of cultured cells, respectively. 7 In contrast to Chen et al's report, in the present study, a significant increase in the number of PDGFRα positive cells was not found when aspirin or ADSCs-CM was administrated alone. In line with our results, a study by Huang et al also suggested that aspirin enhances endogenous repair, mainly by promoting oligodendrocytes' differentiation, and has no effect on OPCs' proliferation even in lower dosage. 29 Additionally, it has been shown that aspirin promotes OPCs' differentiation through increasing CNTF levels in cultured astrocytes. 30 Moreover, Jadasz et al demonstrated that MSC-CM accelerated OPC differentiation even under astrocytic endorsing conditions. 5 The discrepancies between our data and Chen et al's report may be a result from different experimental protocols and settings.
Although successful remyelination is very dependent on recruitment, activation, and differentiation of OPCs, 5 excessive glial activation and release of numerous inflammatory factors from activated astrocytes and microglia in the damaged areas remarkably hamper the overall degree of efficient remyelination in the CNS. 50 To this end, we analyzed the level of astrocytes' activation and our findings showed that treatment with aspirin, ADSCs-CM or aspirin + ADSCs-CM significantly alleviated the number of GFAP positive cells following LPC injection. In agreement with our results, a previous study by Jadasz et al also demonstrated that ADSCs-CM significantly reduces the levels of GFAP expressing cells. 5 In addition, it has been shown that ADSCs-CM decreases the expression of inflammatory factors in an EAE model. 2 Li et al's report indicated that ADSCs-CM remarkably attenuates the serum level of TNF-α, IL-1, and IL-6 in lipopolysaccharide (LPS) treated mice as well as cultured macrophages. 51 In addition, both AMSC and ADSCs-CM significantly reduced the clinical symptoms and disease activity index of colitis in mice. 52 Furthermore, an increased level of IL-10 and decreased level of IL-17 were found after treatment with ADSCs or ADSCs-CM. 52 It has been shown that a single injection of SHED-CM reduces the infiltration of inflammatory cells and expression of pro-inflammatory cytokines in the spinal cord of EAE mice. 38 Administration of MSC-CM also significantly attenuates the expression of TNF-α, IL-6, and inducible NO synthase (iNOS) both in transgenic and non-transgenic astrocytes. 53 It has been demonstrated that MSC-CM increases cell proliferation and reduces the apoptosis and expression of inflammatory factors from human gingival fibroblasts which were stimulated by LPS. 54 Yao et al's study suggested that aspirin-triggered lipoxin A4 inhibits the expression of iNOS and cyclooxygenase 2 (COX2) in astrocytes via NF-κB-dependent pathway. 50 Most recently, Mondal et al showed that treatment with low dose of aspirin suppresses the clinical symptoms of EAE and reduces the expression level of inflammatory factors. 3 Pettit et al also illustrated that a combination of aspirin and docosahexaenoic acid led to augmentation in total glutathione levels as well as a reduction in expression levels of IL-6, TNF-α, and NO in activated microglia. 55 Furthermore, it has been shown that aspirin attenuates the mRNA and protein levels of GFAP by targeting NF-κB. 56 In conclusion, our findings provide the first evidence that co-administration of aspirin and ADSCs-CM can improve the functional recovery of optic pathway by at least their myelin preserving activity and inhibitory effect on astrocytes' activation. However, further studies are needed to elucidate the precise mechanism/s of aspirin and ADSCs-CM in enhancement of endogenous myelin repair in context of demyelination.
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